AIR FORCE
PROPOSAL PREPARATION INSTRUCTIONS

The responsibility for the implementation and management of the Air Force SBIR Program is with the Air Force
Research Laboratory, Wright-Patterson Air Force Base, Ohio. The Air Force SBIR Program Executive is R. Jill Dickman,
(800) 222-0336. DO NOT submit SBIR proposals to the AF SBIR Program Executive under any circumstances. Addresses for
proposal submission and numbers for administrative and contracting questions are listed on the following pages, AF-2 through
4,

Technical questions may be requested using the DTIC SBIR Interactive Technical Information System (SITIS). For a
full description of this system and other technical information assistance available from DTIC, please refer to section 7.1 of this
solicitation.

Air Force Nine-Month Phase | Contract

For the Air Force, the contractual period of performance for Phase | shall be nine (9) months, and the price shall not
exceed $100,000. No proposal with a contractual period of performance less than nine (9) months shall be considered.

The primary research must be accomplished during the first six months of the contract. The price of the primary
research in the first six months will not exceed $80,000. It is the bulk of the research for the Phase | effort. The primary
research effort, alone, is used to determine whether the AF will request a Phase Il proposal. The proposal, aone, including
Fast Track applications, shall decide who will be selected for Phase Il. Our evaluation of the primary research effort and the
proposal will be based on the factors listed in section 4 of the solicitation, in the following descending order of importance: a)
the soundness, technical merit, and innovation of the proposed approach and its incremental progress toward topic or subtopic
solution; b) the qualifications of the proposed principal/key investigators, supporting staff, and consultants (qualifications
include not only the ability to perform the research and development but also the ability to commercialize the results) and c) the
potential for commercial (government or private sector) application and the benefits expected to accrue from this
commercialization. The actual assigned weightings will not be disclosed outside of the DoD. It is noted that where technical
evaluations are essentially equal in merit, and as cost and/or price is a substantial factor, cost to the government will be
considered in determining the successful offeror.

Phase Il proposals are by invitation only. (All Fast Track applicants will be invited.) If requested, the Phase Il
proposal must be submitted within six months from the start of Phase | to ensure that the proposal will be evaluated and is
eligible for award. After the first six months, additional related research must be conducted that furthers the Phase | effort and
puts the small business in a better position to start Phase Il, if awarded. The last three months of the nine-month technical
effort will not be considered in the evaluation process leading to Phase |l awards.

The last three months of the nine-month Phase | contract will provide project continuity for all Air Force Phase Il
award winners so no modification to the Phase | contract should be necessary. The Air Force will accept proposals for
modifications to maintain project continuity under special circumstances such as Fast Track.

Commercial Potential Evidence

A Phase| or Il proposal's commercial potential can be evidenced as follows: 1) the small business concern's record of
commercializing SBIR or other research, particularly as reflected in its Company Commercialization Report (Appendix E); 2)
the existence of second phase funding commitments from private sector or non-SBIR funding sources; 3) the existence of third
phase follow-on commitments for the subject of the research and 4) the presence of other indicators of commercial potential of
the idea, including the small business commercialization strategy.

Air Force Cost Proposal

The Air Force anticipates that pricing of this action will be based on adequate price competition. Proposals,
including costs, are limited to 25 pages. However, if you are selected to receive an award, be prepared to submit further
documentation to substantiate costs in the event that it is either subsequently determined that adequate price competition does
not exist or that further information is necessary to facilitate the contracting process.

Air Force Fast Track
Detailed instructions on the Air Force Fast Track and Phase Il proposals consistent with this solicitation will be made
available by the awarding Air Force activity at the time of Phase | contract award.
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PROPOSAL SUBMISSION INSTRUCTIONS

For each Phase | proposal, send one original and four (4) copies to the office designated below. Be advised that
any overnight delivery may not reach the appropriate desk within one day. Be sure to read the Air Force
instructions on the previous page for the nine-month Phase | contract to avoid the rgection of your proposal. To
request notification of proposal receipt, send request (Ref A on page Ref 1) with a self-addressed stamped envelope.
Do not call to ask whether your proposal has been received; due to time constraints, we will not be able to answer

such telephone calls.

TOPIC NUMBER

AF99-001 thru AF99-026

AF99-029 thru AF99-079
and AF99-331 --

EXCEPT for the six topics
listed immediately below

AF99-033, AF99-040,

AF99-053, AF99-067,

AF99-069, AF99-073

AF99-082 thru AF99-104

AF99-107 thru AF99-144

AF99-145 thru AF99-178

AF99-179 thru AF99-197

ACTIVITY/MAILING ADDRESS

(Name and number for mailing proposals

and for administrative questions)

Directed Energy Directorate
AFRL/DE

3550 Aberdeen Ave SE, Bldg 497, Rm 239

Kirtland AFB NM 87117-5776
(Robert Hancock, (505) 846-4418)

Space Vehicles Directorate
AFRL/VS

3550 Aberdeen Ave SE, Bldg 497, Rm 239

Kirtland AFB NM 87117-5776
(Robert Hancock, (505) 846-4418)

Space Vehicles Directorate
AFRL/VSOT

Bldg. 1107, Room 242

29 Randolph Road

Hanscom AFB, MA 01731-3010
(Noreen Dimond, (781) 377-3608)

Human Effectiveness Directorate
AFRL/HE

2509 Kennedy Circle, Rm 161
Brooks AFB TX 78235-5118
(Belva Williams, (210) 536-5429)

Information Directorate
AFRL/IF

26 Electronic Parkway

Rome NY 13441-4514

(Jan Nordli, (315) 330-3311)

Materials & Manufacturing Directorate
AFRL/MLOP

2977 P St, Rm 418, Ste 13, Bldg 653
Wright-Patterson AFB OH 45433-7746
(Sharon Starr, (937) 656-9221)

Munitions Directorate

AFRL/MNOB

101 W Eglin Blvd, Ste 140

Eglin AFB FL 32542-6810

(Richard Bixby, (850) 882-8591x1281)

AF-2

CONTRACTING
AUTHORITY
(For contract
questions only)

Sam Berdin
(505) 846-1097

Francisco Tapia
(505) 846-5021

John Flaherty
(781) 377-2529

Don Norville
(210) 536-6393

Joetta Bernhard

(315) 330-2308

Terry Rogers
(937) 255-5830
Bruce Miller
(937) 255-7143

Lorna Tedder
(850) 882-4294
X3399



AF99-204 thru AF99-230 --
EXCEPT for the nine topics
immedicately bel ow

AF99-204, AF99-211 thru
AF99-216, AF99-218, and
AF99-219

AF99-235 thru AF99-263

AF99-265 thru AF99-280

AF99-284 thru AF99-292

AF99-293 thru AF99-299
AF99-307
AF99-324
AF99-326

AF99-300 thru AF99-306
AF99-325
AF99-330

AF99-308
AF99-310
AF99-328

AF99-312

AF313 thru AF99-319

Propulsion Directorate

AFRL/PROP

1950 Fifth S, Bldg 18
Wright-Patterson AFB OH 45433-7251
(Dottie Zobrist, (937) 255-6024)

Propulsion Directorate
AFRL/PROP (Sandi Borowiak)

5 Pollux Drive

Edwards AFB, CA 93524-7033
(Sandi Borowiak, (805) 275-5617)

Sensors Directorate

AFRL/SNOX

2241 Avionics Cir. Rm N2S24, Bldg 620
Wright-Patterson AFB OH 45433-7320
(Marleen Fannin, (937) 255-5285x4117)

Air Vehicles Directorate

AFRL/VAOP

2130 Eighth St, Suite 1

Bldg 45, Rm 219

Wright-Patterson AFB OH 45433-7542
(Madie Tillman, (937) 255-5066)

Warner Robins ALC

WR-ALC/ TIECT

420 Second Street, Suite 100
Robins AFB GA 31098-1640

(Cpt. Bill Braasch, (912) 926-6617)

Air Armament Center
AAC/XPP

101 W. D Avenue, Suite 129
Eglin AFB FL 32542-5495
(Dave Uhrig, (850) 882-8096)

Air Force Flight Test Center
AFFTC/ XPST

195 East Popson Avenue

Edwards AFB CA 93524-6843
(Abe Atachbarian, (805) 275-9266)

Ogden ALC

OO-ALC/TIET

5851 F Avenue

Hill AFB UT 84056-5713

(Bill Wassink, (801) 777-2977)

46T G/XPX

872 Dezonia Road

Holloman AFB NM 88330-7714
(John Cao, (505)475-1228)

Arnold Engineering Devel opment Center
AEDC/DOT

1099 Avenue C

Arnold AFS TN 37389-9011

(Kevin Zysk, (931)454-6507

AF-3

Terry Rogers
(937) 255-5830
Bruce Miller
(937) 255-7143

Donna L. Thomason
(805) 277-3900
X2277

Terry Rogers
(937) 255-5830
Bruce Miller
(937) 255-7143

Douglas Harris
(937) 255-4427

Cheryl Ficklin
(912) 926-9086

Lt. Tim Scarborough
(850) 882-8567

Donna Thomason
(805) 277-3900
X2277

Martha Scott
(801) 777-0199

Elizabeth Gordon
(505) 475-1245

Gloria Fairchild
931-454-7843



AF99-323 Oklahoma City ALC David Cricklin
OC-ALC/ TIET (405) 739-4468
3001 Staff Drive Suite 2AG70A
Tinker AFB OK 73145-3040
(Don Boedeker, (405) 736-5567)
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AIR FORCE 99.1 TOPIC INDEX

DIRECTED ENERGY DIRECTORATE, KIRTLAND AFB NM

AF99-001 Adaptive Optics Wavefront Compensation Algorithms

AF99-002 High-Power Laser for Long-Range Ranging Applications

AF99-003 AircrAFt Electromagnetic Interference Diagnostic and Fault Location System

AF99-004 Tracking through Optical Turbulence

AF99-005 Energy Donor for lodine Atom Transfer Laser

AF99-006 Non-Evasive In Situ Cable Shidding Tester

AF99-007 System Components for High Bandwidth Control Applications

AF99-008 Advanced Chemical Oxygen-lodine Laser (COIL) Mixing Nozzles

AF99-009 Lidar for Remate Sensing of Optical Turbulence

AF99-010 Acoustic Suppression for Precision Equipment in High-Performance AircrAFt Interiors

AF99-011 Low-Noise, High-Bandwidth Cameras for Wavefront/Tracking Sensors

AF99-012 Advanced High Power/High-Energy Laser Technology Emphasizing Light-Weight, Small Volume, High
Efficiency

AF99-013 Portable UHF or VHF Radar for Measuring Wind and the Refractive Index Structure

AF99-015 Portable Differential Image Motion Monitor (DIMM) for Measuring Optical Turbulence

AF99-016 Inertial Attitude Reference System for Directed Energy Weapon Beam Control

AF99-017 Active Remote Sensing Technologies for Chemical Effluent Detection

AF99-018 High Efficiency Electric Laser

AF99-019 Lightweight Ultra-Wideband Antennas

AF99-020 Modulated Retroreflector Concept for Laser Communications

AF99-021 Space Capable, Optically Transparent Thin Films

AF99-022 Room-Temperature Engineerable Nonlinear Optical Materials

AF99-023 High Average Power Modulator for Multi-Gigawatt HPM Sources

AF99-026 Ultra-Narrow Linewidth, Tunable Single-Frequency Y tterbium Laser

SPACE VEHICLES DIRECTORATE, KIRTLAND AFB NM

AF99-029 Optical Interconnects for Satellite Applications

AF99-030 Micro-Latchup Characterization

AF99-031 Thin Film Photovoltaic Blanket for Auxilliary SpacecrAFt Power

AF99-032 Satdllite Vehicle Tracking via Optical Phase Conjugation

AF99-033 Developing a Global lonospheric Assimilation Model

AF99-034 Automated Adaptive Task Scheduling for Satellite Network Operations

AF99-035 High Bandwidth Photodetectors for Space Applications

AF99-036 High Accuracy, Automated Satellite Surveillance Network

AF99-037 Computer Aided Design (CAD) for Rad-Tolerant, Rad-Hard Microcircuits

AF99-038 Advanced Nonlinear Adaptive Controllersfor Fault Tolerant Satellite Trajectory Control
AF99-039 Use of Plastic Encapsulated Microcircuits as Space Qualified Components

AF99-040 Visible Sensor Discrimination Utility and Intersatellite Fusion of Discriminants
AF99-041 New, Innovative Battery Charge Control System

AF99-042 Magnetic Device Design for High Temperature, High Performance Applications
AF99-043 Laser-Based Single Event Effect Probe Station

AF99-044 Methods to Characterize and Qualify Thick-Film SOl WAFers

AF99-045 Digital Signal Processing Circuit with Embedded Reprogrammable Nonvolatile Memory
AF99-046 Solid-State Power Amplifier Modules for Wideband (L-Ku) Array Antennas

AF99-047 Integrated Bilateral Electronic Components Technology for Spaceworthy Multi-Chip Modules
AF99-048 SEU-Tolerant Low-Voltage CMOS Technology

AF99-049 Hardened VHSIC Hardware Description Language Digital Signal Processing Module Generator
AF99-051 Satdlite Vehicle Tracking via S-Band Maser and Adaptive Optics

AF99-052 Method for Near Optimal Antenna Placement for Satellite Operations

AF99-053 Passive Instrument to Determine Propagation Effects

AF99-054 Generalized Guidance and Control Computer Program

AF99-055 Satellite Onboard Set Scan Processor
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AF99-058 Automatic Test Pattern Generation (ATPG) Tool Development

AF99-059 Transportable Standard IR Calibration Source

AF99-060 Emerging Technologiesin Training Development

AF99-061 Advanced Cryocooler Technology

AF99-062 Space Vehicles Technology Devel opment

AF99-063 Self-Consuming Satellite

AF99-064 MEMS Integration for Micro-SpacecrAFt

AF99-065 Thermal Management for Advanced Packaging in Payload Electronics

AF99-066 Autonomous Control of Multiple Satellites Using Intelligent Software Agents

AF99-067 Advanced Diagnostic and Modeling Techniques for the lonosphere and Upper Atmosphere
AF99-068 Power Distribution Architectures for Miniature SpacecrAFt

AF99-069 Innovative Measurement Techniques for Space-Based Remote Sensing/Standoff Detection
AF99-070 Thin Film Flexible, Li-Based Batteries for Space

AF99-071 Latching Micrordlaysin Thin Plastic Material Systems

AF99-072 Integrated Power Céll

AF99-073 Advanced Algorithms for Exploitation of Space-Based Imagery

AF99-074 Satellite Local Area Network (LAN)

AF99-075 Development of an Integrated Autonomous Optical Imaging Polarimeter-on-a-Chip
AF99-078 Sdf-Aligning High Density Connectors

AF99-079 Micro Alignment Manipulator Architectures (MAMAS)

AF99-331 Distributed Beam Steering Controller

HUMAN EFFECTIVENESS DIRECTORATE, BROOKS AFB TX

AF99-082 Training for Space Operators Using a Distributed Mission Training Environment
AF99-083 Modeling and Simulation of Less Than War Scenarios

AF99-084 Next Generation Distributed Joint Aircrew Training Effectiveness

AF99-085 Low-Cost Collimating Screen Materials for Out-the-Window Simulator Displays
AF99-086 Advanced Controls and Displays for Space Operator Consoles

AF99-087 Imagery Analyst Interface for Ultra-Spectral Imaging Sensors

AF99-088 Path Intercept Trajectory Algorithm

AF99-089 Human Representation in System Requirements Definition Process

AF99-090 Advanced Multifunction Head-Up Display (AMHUD)

AF99-091 Advanced Virtual Human Sensory Interfaces

AF99-092 Compact Ultrashort Laser Sources

AF99-093 Advanced Battery For Head and Helmet Mounted Night Vision Devices

AF99-094 Development of Life Support Ensemble Utilizing Smart Materials

AF99-095 Altitude Decompression Sickness Risk Assessment Computer (ADRAC)

AF99-096 Distributed Team Knowledge Representation and Scenario-Based Performance Evaluation Methods
AF99-097 Training Management Decision System for Team Training Evaluation and Tracking
AF99-098 Development of Predictive Mode for Rocket Launch Noise Footprint

AF99-099 Logistics Technology for Weapon System Support

AF99-100 Impact Injury Modeling Software and Interfacing for the Biodynamic Work Environment
AF99-101 Human Interface Solutions for Emergency Escape System

AF99-102 Advanced Methods for Displaying Large Schematics on Small Screen Devices
AF99-103 Advanced Audio Interfaces

AF99-104 Adaptive Eye Protection

INFORMATION DIRECTORATE, ROME NY

AF99-107 Innovative Information Technologies

AF99-108 Threat Prediction Fusion

AF99-109 Measures of Effectiveness for Abstract Data Fusion

AF99-110 High Throughput Volumetric Memories

AF99-111 Computer Forensics

AF99-112 Communication Performance Measurement for the Mobile User

AF99-113 Internet Protocol (1P) over Asynchronous Transfer Mode (ATM) through Narrowband Common Data Link
(CDL)

AF99-114 Distributed Collaborative Modeling and Simulation

AF99-115 Multiple Simultaneous User Interface Technologies For C4l Systems
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AF99-116 Mixed-Resolution Modeling and Simulation for WARS

AF99-117 Time Critical Command and Contral (C2)

AF99-119 Tools and Techniques for Advanced Knowledge Discovery

AF99-121 Intrusion Detection And Monitoring Of Large-Scale Networks

AF99-122 Dynamic Data Intensive Intelligent Technology

AF99-123 Flexible Information Extraction Learning Algorithm

AF99-124 Improved Response to Time Critical Targets

AF99-126 Data Classification Algorithms

AF99-127 Adaptive Data Rate Control for Satellite Downlink

AF99-128 Evaluation Tool for Satellite Communication Networks Providing Guaranteed Quality of Service
AF99-129 Reduced-Complexity Receivers for GMSK Modulation

AF99-130 Turbo Code Decoders

AF99-132 High Throughput Terminal/CDMA Modem for Satellite Communications
AF99-133 Universal Data Compression Technology

AF99-134 Generic Inteligent User Interface Agent

AF99-136 Intelligent Web Assistant

AF99-137 Complex Modeling of Software Components

AF99-138 VHDL Based ULSI to VLS Design Partitioning Tool

AF99-139 VHDL Text-to-Graphics Trandation and Text/Graphics Co-Simulation
AF99-140 Immersive Wargaming

AF99-141 Defensive Information Operations Planning Tool

AF99-142 Media and Medium Contral for Optimized Internetworking

AF99-143 DIl COE Component Framework

AF99-144 Rapid Prototyping Environment for Information System Design and Acquisition

MATERIALS & MANUFACTURING DIRECTORATE, WRIGHT-PATTERSON AFB OH

AF99-145 Low Temperature Compression Set Resistant O-ring Material

AF99-146 Development of Static Dissipative Hard Laminate Surfaces

AF99-147 Removal of Oxide Films from Nickel Based Superalloy Fracture Surfaces
AF99-148 High Temperature Structural Materials for Advanced Space, Missile, and AircrAFt Systems
AF99-150 Lightweight Metallic and Metallic Composite Materials for AircrAFt and Space
AF99-152 Laser Radar Techniques for Multi-Station Vibration Monitoring

AF99-154 Web-based Process Design Agents

AF99-155 Advanced Resin System for RTM/VARTM Processing

AF99-156 Gate-All-Around SOI for Space Applications

AF99-157 Singularity/Boundary Layer Approach for Composite Joints with Discrete Damage
AF99-158 Electrically Conductive, Optically Transparent Polymeric Coating for Canopy ESD Protection
AF99-159 Lubrication in Extreme Environments

AF99-160 Carbon-Reinforced Composites for 550 to 1200 degrees F Applications

AF99-161 Epitaxial Growth of Silicon Carbide (SiIC)

AF99-162 High-Efficiency Dynamic Holographic Materials

AF99-163 Materials for Superlattice Infrared Detectors

AF99-164 Absorbing Dyes with Improved Properties

AF99-165 SOl Material for High Reliability Space Systems

AF99-166 Frequency Conversion and Electro-Optical Materials

AF99-167 Novel, Sef-Cleaning Filter for Carbonaceous PM2.5 in Combustion Exhausts
AF99-168 Perchlorate Sensing Technology

AF99-169 Advanced Coatings Systems

AF99-171 Novel, Regenerable Filter for Dusts and Sticky Mists

AF99-174 Development of Highly Anti-Reflective Surfaces for Semiconductor WAFers
AF99-175 High Temperature Magnetic Materials

AF99-177 Semiconductor Alloys for Mid-Infrared Applications

AF99-178 Switchable Microlenses for MEMS Applications

MUNITIONS DIRECTORATE, EGLIN AFB FL

AF99-179 Munition Modeling and Technology Integration Research
AF99-180 Ordanance Research
AF99-181 Guidance Research
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AF99-182
AF99-183
AF99-184
AF99-185
AF99-186
AF99-187
AF99-188
AF99-189
AF99-190
AF99-191
AF99-192
AF99-193
AF99-194
AF99-195
AF99-196
AF99-197

Control of Large Micro-Eletro-Mechanical Systems (MEMS) Array

High Power Microelectronics Technology

Electrical Disablement of Large Structures and Vehicles

Micro-Electro-Mechanical Systems (MEMS) Technology for System SAFety and Arming
Wireless Data Transmission Through Various Media

Integrated Guidance - Exploitation of Body-Shading for Anti-Jam GPS

Biomimetic Applications for Autonomous Guided Munitions

Multimode/Multispectral Seeker Autonomous Target Acquisition (ATA) Algorithms
Concrete Building Materials Microstructural Damage Quantification

Non-Linear Optical Techniques for Imaging LADAR Transceivers

LADAR Scene Prgjection for Hardware-In-The-Loop Testing

Fast Imaging Polarimetry

Visible Wavelength Scene Projection for Hardware-In-The-Loop Testing

Innovative Methods for Improving Strength and Fracture Toughness of Steel

Innovative Techniques for Laser Radar

Electron Bombardment Charge Coupled Devices (EBCCD) Devel opment for LADAR Applications

PROPULSION DIRECTORATE, WRIGHT-PATTERSON AFB OH

AF99-204
AF99-205
AF99-206
AF99-207
AF99-208
AF99-209
AF99-210
AF99-211
AF99-212
AF99-213
AF99-214
AF99-215
AF99-216
AF99-217
AF99-218
AF99-219
AF99-220
AF99-221
AF99-222
AF99-223
AF99-224
AF99-225
AF99-226
AF99-227
AF99-228
AF99-230

Advanced Rocket Propulsion Technologies

Aero Propulsion & Power Technology

Directed Energy Weapon Power Technology

Micro-System Technologies for Advanced Aerospace Vehicle Power Systems
UAYV Electrochemical Propulsion Power and Energy Storage

Power Generation and Therma Management

Advanced Didectrics and Capacitor Devices

Integral Superconducting Electrical Power Generator for Rocket Turbopumps
High Performance Oxidizer System for Hybrid Missiles

Solar Thermal Rocket Propulsion

Electric propulsion thruster for low power small satellites

Cryogenic Boost Pump with Integral Superconducting Electric Motor

Innovative Design of Pulse Detonation Engines

Multi-Mode Propulsion Technology Development

Nanoreinforced Plastics for Liquid Rocket Engine Components

Optical Measurementsin Opaque Media: Combustion Applications

Combustion Efficiency Measurements for Advanced Propulsion Systems

High Heat Sink Jet Fuels, Additives and Test Methods; Chemically Reacting Fuels
Advanced Instrumentation and Simulation Technology for Ramjet/Scramjet Combustors
Gas Turbine Engine Compression System Concepts

Gas Turbine Engine Combustion Instability Prediction

AircrAFt High and Low Pressure Turbine Component Technology - Aerodynamics and Cooling
Gas Turbine Engine Control of Smart Components

Gas Turbine Engine Life Extension through Advanced Control Modes

Gas Turbine Engine Non-Intrusive I nstrumentation

Electromagnetic Effects and Reliability of High Power/Pulsed Power Systems

SENSORS DIRECTORATE, WRIGHT-PATTERSON AFB OH

AF99-235
AF99-236
AF99-237
AF99-238
AF99-239
AF99-240
AF99-241
AF99-242
AF99-243
AF99-244
AF99-245
AF99-246

Advanced Receiver Integration By Utilization Of Correlator Output

Methodology For The Assessment Of Multi-Sensor Fusion Targeting Technologies
Laser And Radar Clutter Characterization

Space Based Targeting Technologies

Miniaturization Of Evanescent-Mode Filters

Innovative High Power Microwave/Millimeterwave Device Development For Military Essential Systems
Rf Photonics For Space-Based Application

Reconfigurable Aperture For Sensing And Communication

Enhancements To Near-Field Antenna Measurements

Omnidirectional Hemispherical Phased Array Antenna

Smart-Pixel Turbulence Aberration Correction

Unmanned Aerial Vehicle Antennas
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AF99-247
AF99-248
AF99-249
AF99-250
AF99-251
AF99-253
AF99-255
AF99-256
AF99-257
AF99-258
AF99-259
AF99-263

Laser Radar For Long-Range Ranging And Non-Cooperative | dentification

Real Time Non-Mechanical Microscanning Techniques

Multispectral Infrared Phenomenology For Combined Threat Warning And Reconnaissance Sensors
Modular, Multi-Discriminanat Electro-Optical Sensors-Munitions To Satellites
Global Positioning System (Gps) Receiver Antenna For Spinning Satellite
Advanced Global Positioning System (Gps) Antenna Technology

Real-Time Multi-Spectral Synthetic Battlespace

"System Of Systems" Network Centric Sensors Simulation Concepts

Air Target Combat Identification Technologies

Surface Target Combat Identification Technologies

Innovative Planning Tool For Urban Electromagnetic Environment Characterization
Subpixel Detection Concepts For Space-Based Infrared Hyperspectral Imaging

AIR VEHICLES DIRECTORATE, WRIGHT-PATTERSON AFB OH

AF99-265
AF99-266
AF99-267
AF99-268
AF99-269
AF99-271
AF99-272
AF99-273
AF99-274
AF99-275
AF99-276
AF99-277
AF99-278
AF99-279
AF99-280

Piezodectric Actuatorsin High Strain Field

High Temperature Structure Explosive Joining Devel opment Program

Extreme Environments Support/Space Applications

Deformation Measurement for Conformal Loadbearing Antenna Structure Arrays
Unstable Random Vibration Response of Composite Panels

Nonlinear Flying Qualities and Stability and Control Analysis

Aeromechanics for Future AircrAFt Technology Enhancement

Hypersonic Flow Control

High Temperature, Structural Load Bearing Heat Exchanger Technologies
Instantaneous Temperature Measurement System

Enhanced Conduction, Radiation, and lonic Heat Transfer for Aerospace Vehicles
Enhanced Dry Chemical Fire-Extinguishing Agents

Advanced Stochastic Techniques for Finite Element Vulnerability, Fatigue, Corrosion Simulation
Active Shock-Boundary Layer Control for Drag Reduction

Innovative Techniques for Prediction and Control of Dynamic Loads

WARNER ROBINSALC, ROBINS AFB FL

AF99-284
AF99-285
AF99-286
AF99-287
AF99-288
AF99-290
AF99-291
AF99-292

Rapid Charging for Electric Ground Support Equipment

Cleaner for Removing Grease and Heavy Soil from Machine Parts
Portable Accumlated Fatigue Damage Inspection and Imaging System
Hybrid Electric Power System for AircrAFt Loaders

New Material for O-Rings and Sealsin Halon 1202 Pressurized Systems
Java Based Automatic Test System and Test Program Set Environment
A Five-Function PCMCIA/CardBUS Device for Diagnostic Testing
Wireless Interface for Automatic Test Systems

AIRARMAMENT CENTER, EGLIN AFB FL

AF99-293
AF99-294
AF99-295
AF99-297
AF99-298
AF99-299
AF99-307
AF99-324
AF99-326

High Bandwidth Digital Rotating Interface (HI-DRI)

Common Real-Time/Postmission Data System

Munitions Lethality Computational Framework

Object Oriented Damage Prediction and Target Vulnerability Estimation
Mission Level Modeling and Simulation Capability

Off-board Targeting Data Link Simulation Capability

Common Test Instrumentation Kit (TIK)

Advanced Multi-function Integrated Target Subsystem (AMITS)

Laser Tracker Location Detection Capability

AIR FORCE FLIGHT TEST CENTER, EDWARDS AFB CA

AF99-300
AF99-301
AF99-302

Bit Rate Agile Onboard Telemetry Formatter
Flutter Suppression System Test Techniques
Instrumentation Network Architecture
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AF99-305 Parameter Identification of Short Takeoff and Vertical Landing (STOVL) Aerodynamic Characteristics
during Hovering and Transition from/to Wing Borne F

AF99-306 Spectrally Efficient Target Imaging (SETI)
AF99-325 Onboard Smart Sensors
AF99-330 Automatic Conversion of Conventional Tabled Aerodynamic Models

OGDEN ALC, HILL AFB UT

AF99-308 Testing Electronic Circuits Using Atom or Nano Technology
AF99-310 High Speed Digital Timing Sets and Pattern Generator
AF99-328 Avionics Sensor-based System Interoperability with Knowledge-based System Applications

46TG/XPX, HOLLOMAN AFB NM

AF99-312 Automatic Rail Alignment Checker

ARNOLD ENGINEERING DEVELOPMENT CENTER, ARNOLD AFSTN

AF99-313 On-Line Engine Structural Vibrometer for High Cycle Fatigue (HCF) Measurements in Turbine Engines
AF99-314 Temporally and Spatially Resolved Spectrograph for 15-300 keV X-Rays

AF99-315 Fiber Optics Technology Application to Combined Temperature and Stress Measurement

AF99-318 Digital High-Speed Imaging Technol ogies-Hypersonic Wind Tunnel Support

AF99-319 High Temperature Probe Blade Tip Clearance Measurement System

OKLAHOMA CITY ALC, TINKER AFB OK

AF99-323 IDEF3 Based Training
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Department of the Air Force
FY 1999 SBIR Topic Descriptions

AF99-001 TITLE: Adaptive Optics Wavefront Compensation Algorithms
TECHNOLOGY AREA: Electronics Warfare/Directed Energy Weapons

OBJECTIVE: Demonstrate innovative concepts for precise compensation of optical waveforms through turbulent media and
from aircraft platforms.

DESCRIPTION: Innovative concepts leading to advanced capabilities in the area of adaptive optics are solicited. These
approaches could be useful to programs, such as the Airborne Laser, that require adaptive optics compensation for laser
propagation through the atmosphere. Theintent isto improve the performance of airborne beam control missions by conceiving
and demonstrating innovative concepts for precise compensation of optical waveforms through turbulent media, and from
moving platforms looking at moving targets. Innovation is needed in wavefront reconstruction and high frame rate control with
the goal of optimizing strehl at the target after propagation through long horizontal paths in an atmosphere with saturated
scintillation. Concepts that combine aspects of higher order wavefront compensation with low order tilt compensation will also
be considered.

PHASE I: Design innovative adaptive optics approaches and demonstrate that such approaches are feasible for
meeting advanced Air Force requirements. Demonstrate the feasibility of producing a demonstration of the adaptive optics
concepts, and outline a sound set of demonstration success criteria. Design reviews will cover the individual components, the
demonstration architecture, and the control concepts.

PHASE Il: Demonstrate the enhanced adaptive optics capabilities based on the approach developed in Phase|. The
proposed demonstration can be either ground-based (such as at the Air Force Research Laboratory's Airborne Laser Advanced
Concepts Testbed at White Sands Missile Range) or airborne, but in either case should include the effects of both atmospheric
turbulence and platform motion.

PHASE 111 DUAL USE APPLICATIONS: It is expected that an adaptive subsystem based on the concepts proposed under this
research, with economical considerations folded in, would have both commercial and military applications. The military
applications include all those with requirements for precise atmospheric compensation through turbulent media and from
moving platforms to moving targets. The commercial market includes such areas as astronomy, communication, power
beaming, and surveying. It is expected that the contractor will concentrate on flexible Phase | designs to maximize
commercialization potential .

REFERENCES:

1. Robert K. Tyson and Peter B. Ulrich, "Adaptive Optics', in The Infrared and Electro-Optical Systems Handbook Volume 8,
Environmental Research Institute of Michigan, Ann Arbor MI, 1993.

2. Paul H. Merritt et al., Active tracking of a ballistic missile in the boost phase, in SPIE Proceedings Vol. 2739, Acquisition,
Tracking, and Pointing, pp.19-29 (1996).

3. Daniel H. Ledlie and Douglas G. Y oumans, Atmaospheric effects on eye-safe airborne laser radar, in SPIE Proceedings Val.
2375, Beam Contral, Diagnostics, Standards, and Propagation, pp.17-29 (1995).

4. Beaet a., Flexible beam expanders with adaptive optics: a challenge for modern beam delivery, in SPIE Proceedings Vol.
2375, Beam Contral, Diagnostics, Standards, and Propagation, pp.84-95 (1995).

KEYWORDS: scintillation, anisoplanatism, adaptive optics, wavefront sensor, deformable mirror, optical turbulence

AF99-002 TITLE: High-Power Laser for Long-Range Ranging Applications
TECHNOLOGY AREA: Electronics Warfare/Directed Energy Weapons

OBJECTIVE: Develop a modular, scalable laser architecture capable of producing greater than 10 kW of average power when
fully scaled.

DESCRIPTION: Systems that use lasers to make measurements at long ranges require lasers with high-average power (>10
kW), good beam quality (M2 < 3), and pulsed operation at repetition rates from 2 to 10 kHz. Due to system power constraints,
relatively high efficiency laser technology is required. Many of these applications require field use of the laser systems, so
laser systems with relatively small volumes and which can be robustly packaged are desired. Additionally, it is desirable to be
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able to operate for extended periods of time with minimal use of consumable materials (such as liquids or gasses), so closed-
cycle systems are preferred. These many conflicting requirements make it difficult to produce a single system simultaneously
satisfying all requirements. Rather than producing a single laser oscillator capable of meeting these system requirements, it
may be simpler to combine the optical output of a smaller number of laser "modules’ to meet the requirements. An example of
such a technology is the master oscillator/power amplifier system described in the literature. A scalable architecture using
smaller laser modules is the desired result of this solicitation. Any solutions capable of meeting the specifications will be
considered. Such an architecture, if it can be developed, can then be tailored to meet the needs of several different applications
without having to redevel op the entire technol ogy base.

PHASE I: Produce a conceptual design of both the laser modules and the scaled system, and analyze the predicted
performance and identification of technological risk areas. Laboratory demonstration of the crucial technical concepts and risk
areasis desirable and will be afactor in award selection.

PHASE 1I: Produce and test breadboard laser modules and use them to demonstrate scalability in the laboratory.
Combine the laser modules to produce a higher-power laser suitable for field testing.

PHASE I1l DUAL USE APPLICATIONS: A high-powered, scalable laser technology would be extremely useful to many
customers within DoD, including Airborne Laser, Ground-based Laser, and Space-Object imaging efforts within Air Force
Space Command. Additionally, a scalable laser architecture could be used to satisfy other DoD and commercia applications
with different power requirements. Following successful Phase Il demonstrations of the laser modules and scaling techniques,
a Phase Il program may be initiated to produce a hardened laser capable of being integrated into field experiments. Potential
commercial applications would be the industrial manufacturing base where high-power lasers currently are used; the end result
of this project could be an industrial laser with higher beam quality than is currently available.

REFERENCES:

1. H. Bruessdbach and D. S. Sumida, "69 W Average Power Yb:YAG Laser”, from the OSA Trends in Optics and Photonics,
Vol 1, ed S. Payne and C. Pallock, published by the Optical Society of America, 1996, P8.

2. JR. Unternahrer, M.J. Kukla, R. Burnham, and J. Kasinski, "High Average Power, High Beam-Quality, Unstable-Resonator
Slabe Laser”, Proc.of the ASSL Conf. V24, Memphis, 1995, P227.

3. A. Giesen, U. Brauch, I. Johannsen, M. Karszewski, U. Schiegg, C. Stewen, and A. Voss, "Advanced Tunabiliy and High-
Power TEMOO-Operation of the Yb:YAG Thin Disc Laser”, Proc.of the ASSL Conf., TOPS V10, Coeur D'Alene, 1997, P280.

KEYWORDS: power amplifier, laser technology, phase conjugation, phase combination, master oscillator, near-infrared lasers

AF99-003 TITLE: Aircraft Electromagnetic Interference Diagnostic and Fault Location System
TECHNOLOGY AREA: Electronics Warfare/Directed Energy Weapons

OBJECTIVE: Develop an integrated system capable of identifying internal sources of €l ectromagnetic interference and locating
faults within complex el ectronic systems onboard aircraft.

DESCRIPTION: New generations of aircraft are highly dependent on complex eectronic systems to provide not only critical
flight functions, but also to perform a multitude of mission functions. Digital electronics are being exploited to provide "glass
cockpit" and mission displays combined with fly-by-wire, information processing, and automated control functions to a degree
never seen before. This dependence on digital eectronics combined with higher clock rates, power conserving signal levels,
increased use of composite materials, onboard radar, communications transmitters, and lasers, increases the chances of
Electromagnetic Interference (EMI). Current instrumentation used to identify and locate EMI problems has not kept pace with
the development of these highly complex systems. Present methods and instrumentation used in EMI tests can be time
consuming, labor intensive, intrusive, and difficult, especialy for intermittent problems, in a highly automated aircraft with
extensive e ectronic systems.

There is a need for an integrated system with multiple EMI sensors that can be distributed throughout an aircraft and are
capable of gathering time and phase correlated data and analyzing the results to determine the sources of EMI and their
individual effects on the eectronics. Requirements such as these demand integration of the sensors into standard el ectronics
printed architecture. This will allow instrumentation modules to be installed within existing electronics enclosures for the
purpose of collecting and processing signals without altering the system electromagnetic characteristics. These instrumentation
modules should be capable of interfacing with the eectronics back plane and connectors with the characteristic impedance,
should emulate board communications functions, and should capture and digitize coupled transients. Individual miniaturized
instrumentation modules are also desired for test points that are external to electronic enclosures. This system should also have
the capability to generate EMI fields or cable currents that emulate those measured during system level tests to allow testing to
be conducted without the need to operate radar, other transmitters or EMI sources to improve safety and efficiency of testing.
The integrated diagnostic and fault location system should be highly automated to speed test and keep the number of test
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personnel to a minimum. The system should also be capable of producing standardized test reports and other documentation
with a minimum of individual effort. This approach will reduce costs, speed development time, and allow critical support
resources to be conserved.

PHASE I: Analyze potential concepts and perform critical experiments to demonstrate the feasibility of an approach
to meet the objectives outlined above. Document the results of these effortsin areport. The report shall also include possible
Phase Il partnering and an approach for commercialization.

PHASE 1I: Develop a working prototype system for performing EMI testing of aircraft (large & small) with
additional mission eectronics and emitters on board. Demonstrate this system on an existing aircraft and compare the results
with current EMI testing methods.

PHASE 11l DUAL USE APPLICATIONS: The EMI test system should be applicable to large and small military and
commercial aircraft. Military versions of the system may require special packaging. The system should be easy to use and
include testing procedures unique to the system. Self test capabilities should be included along with calibration methods. The
system should be automated to produce the final test report with a minimum of operator input.

REFERENCES:

1. Michad M. Marino, Dr. Parviz Parhami, Built-In Test For Electromagnetic Shielding Program,. PL-TR-97-1054, March
1997.

2. Cornet,M.G., Adaptive EMI Reduction for Future Naval ESM Systems

3. Schwegman, C., Southworth, R., Wideband Verification Instrumentation System (WBVIS)

4. Chin, H., Danai K., Lewicki,D.G., Efficient Fault Diagnosis of Helicopter Gearboxes.

KEYWORDS: fault, sensors, aircraft, hardening, diagnostics, radio frequency, instrumentation, electromagnetic interference
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AF99-004 TITLE: Tracking through Optical Turbulence
TECHNOLOGY AREA: Electronics Warfare/Directed Energy Weapons

OBJECTIVE: Demonstrate innovative concepts for tracking laser beacons through optical turbulence where strong scintillation
is present.

DESCRIPTION: Innovative concepts leading to advanced capabilities in the area of pointing and tracking are solicited. These
approaches could be useful to programs, such as the Airborne Laser, that require precise tracking of laser beacons through
optical turbulence where strong scintillation is present. The intent is to conceive and demonstrate innovative concepts for
precise stabilization of optical waveforms through turbulent media in order to improve the performance of airborne pointing
and tracking missions. We are looking for innovative approaches that more effectively use the information that is available, or
where minor hardware changes give significantly improved performance. These approaches can include, but are not limited to:
use of multiple apertures, multiple beacons, Kalman filter or other estimators, or transform methods.

PHASE I: Design innovative pointing and tracking approaches and demonstrate that such approaches are feasible for
meeting advanced Air Force requirements. Design reviews will cover the individual components, the demonstration
architecture, demonstration success criteria, and the control concepts.

PHASE Il: Demonstrate the enhanced pointing and tracking capabilities based on the approach developed in Phase |.
The proposed demonstration can be either ground-based (such as at the Air Force Research Laboratory's Airborne Laser
Advanced Concepts Testbed at White Sands Missile Range) or airborne, but in either case should include the effects of both
atmospheric turbulence and platform vibration. It is expected that this phase will provide valuable lessons learned for an Air
Force system with requirements for precise pointing and tracking, so that transition is made easily to systems such as the
Airborne Laser.

PHASE |1l DUAL USE APPLICATIONS: It is expected that a pointing and tracking subsystem based on the concepts proposed
under this research, with economical considerations folded in, would have both commercial and military applications. The
military applications include all those with requirements for precise pointing and tracking through turbulent media and from
vibrating platforms, including Airborne Laser, Infrared Countermeasures (IRCM) programs, and directed energy point defense
programs such as the Tactical High Energy Laser (THEL). The commercia market includes such areas as laser
communication, power beaming, and surveying. It is expected that the contractor will concentrate on flexible Phase | designsto
maximize commercialization potential.

REFERENCES:
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2. Marcus Schulthess and Steven Baugh, Attitude control a trajectory estimation for the high atitude balloon experiment, in
SPIE Proceedings Vol. 2221, Acquisition, Tracking, and Pointing, pp.590-609 (1994).

3. Robert R. Beland, Some aspects of propagation through weak isotropic non Kolmogorov turbulence, in SPIE Proceedings
Val. 2375, Beam Control, Diagnostics, Standards, and Propagation, pp.6-16 (1995).
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2375, Beam Contral, Diagnostics, Standards, and Propagation, pp.17-29 (1995).
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AF99-005 TITLE: Energy Donor for lodine Atom Transfer Laser
TECHNOLOGY AREA: Electronics Warfare/Directed Energy Weapons

OBJECTIVE: Develop improved singlet delta oxygen generation techniques and/or new energy donor molecules to pump
ground state iodine to the electronic excited state.

DESCRIPTION: Singlet delta oxygen is currently used as the energy donor molecule for the Chemical Oxygen lodine Laser
(COIL) device. The singlet delta oxygen generation process involves two-phase gas/liquid chemistry where gaseous chlorineis
brought into contact with a liquid eectrolyte solution of Basic Hydrogen Peroxide(BHP). The two major drawbacks to this
approach are the production of water vapor (which deactivates excited state iodine) and the weight penalty associated with the
water in the el ectrolyte BHP. Obvious approaches to dealing with water production (i.e. use of colder BHP temperature/use of
deuterated BHP) have been investigated and found to have problems of their own. The Air Force Research Laboratory (AFRL)
is seeking alternate ways of producing singlet delta oxygen at high pressure and high molar flow rates in a manner which has
favorable weight scaling for Airborne Laser (ABL) or Space-Based Laser (SBL) applications. Alternately, there isinterest in
using other energy donors to pump the iodine atom to its excited state. One such approach, using singlet delta nitrogen
chloride (NCL) as the donor, isunder investigation at the AFRL.

PHASE I: Identify the concept and subscal e proof-of-principle experiments. Investigate scaling potential to high flow
rates with associated weight.

PHASE II: Develop generator hardware to interface with the RADICL device at the AFRL Phillips Site for testing
with power extraction.

PHASE 11l DUAL USE APPLICATIONS: Commercia applications of COIL technology include industrial strength welding
and cutting. This technology would also improve COIL performance for both ABL and SBL applications.

REFERENCES:

1. Madden, T. J. and Solomon W. C., "A Detailed Comparison of a Computational Fluid Dynamic Simulation and a Laboratory
Experiment for a COIL Laser,” AIAA 96-2354, 28th AIAA Plasmadynamics and Lasers Conference, June 23-25, 1997, Atlanta,
GA.

2. Zagidulin, M. V., Nikolaev, V. D., Svistun, M. I., Khvatov, N. A., and Ufimtsev, N. I., "Highly efficient supersonic
chemical oxygen-iodine laser with a chlorine flow rate of 10 mmol s-1," Quantum Electronics, 27, (3), pp. 195-199, (1997).

KEYWORDS: energy donor, gas phase energy donor, energy transfer species, metastable energy donors, metastable energy
carrier, chemical laser energy donor

AF99-006 TITLE: Non-Evasive In Situ Cable Shielding Tester

TECHNOLOGY AREA: Sensors

OBJECTIVE: Develop the capahility to alow the electromagnetic shielding properties of aircraft shielded cables to be
measured without disconnecting any of the cable connectors or removing the cable from the aircraft.

DESCRIPTION: Testing of aircraft shielded cables requires that one connector of a cable be disconnected or the entire cable
removed from the aircraft to measure the el ectromagnetic shielding properties. This practice is time consuming, costly, and can
cause damage to the cable and other components during the process. Commercial aircraft must undergo a re-certification of the
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cable after it has been disconnected and reinstalled. The goal of this effort is to develop a test capahility that will alow the
shielding properties of installed cables to be measured without disconnecting any of the cable connectors or removal from the
aircraft. The frequencies of interest for this test capability extend from 10 kHz to 500 mHz. The tester must be easily portable
and user friendly with minimum operator skills needed to determine pass/fail of the cable shidding.

PHASE |: Perform experiments to determine and demonstrate an approach which can be devel oped into a prototype
system during a Phase | effort that meets the objectives outlined above. Document the approach and information devel oped
during this phasein areport. Thereport shall also include possible Phase |l partners and a commercialization approach.

PHASE Il: Develop a working prototype test system and demonstrate its capabilities on one or more aircraft. Sef
test and built-in calibration capabilities shall be included as appropriate. A means of logging results for later transfer to a
central automated data base is also desirable.

PHASE 111 DUAL USE APPLICATIONS: The shielded cable tester should be useful for either military or commercial aircraft.
Different versions of the tester may be needed to meet military handling requirements versus those needed for commercial
operations. The system should be easy to use, include testing procedures, and have a sdlf test capability.

REFERENCES:

1. Michad M. Marino, Dr. Parviz Parhami, Built-In Test For Electromagnetic Shielding Program. PL-TR-97-1054, March
1997.

2. Damaskos, N., Kelsall, B., Passive Shielding for Low Frequency Magnetic Fields, 1997.

3. Coonrod,K., Davis, S., McLemore, D. Fault Detection Techniques for Complex Shield Topologies, 1994.

4. Blocher, T., Validation of Shielding Effectiveness of Cables with Pigtails.

KEYWORDS: cable, fault, sensors, aircraft, hardening, shidding, diagnostics, radio frequency, instrumentation,
electromagnetic interference (EMI)

AF99-007 TITLE: Tracking/Wavefront Processor for High Bandwidth Control Applications
TECHNOLOGY AREA: Electronics Warfare/Directed Energy Weapons
OBJECTIVE: Develop aprocessor architecture using COTS components that supports high bandwidth control applications.

DESCRIPTION: Advanced beam control systems like the Airborne Laser require high bandwidth control systems with closed
loop bandwidths exceeding 1 kHz for control of various tracking loops and wavefront sensing loops. These control systems put
apremium on processing in real time at high speeds and also require high-speed read/write memory. This effort will develop a
processor architecture that will maximize the use of commercial off-the-shelf components (COTS) and will retain a degree of
processor flexibility that will allow new algorithms for different tracking/wavefront control applications to be loaded easily
without re-engineering/rebuilding the processor. The design must be able to meet the needs of both tracking and wavefront
control applications, and must be flexible enough to add additional throughput/storage capability as needed. The goals for the
processor are to support real time processing at 10 kHz frame rates for cameras with 256 x 256 pixels.

PHASE I: Produce a conceptual design for the processor, including architecture, interface definition, timing, data
storage, and graphical user interface.

PHASE Il: Design and produce a complete processor. This system will be tested with sample algorithms provided by
the government, simulating a tracking control system.

PHASE 111 DUAL USE APPLICATIONS: This processor would be useful to both Airborne Laser and ground-based laser
programs, as well as to astronomy applications within DoD and NASA. A processor of this type would be commercially useful
in many imaging applications requiring high bandwidth and real time contral, including process monitoring and contral, high-
speed photography, and remote sensing.

REFERENCES:

1. Robert K. Tyson and Peter B. Ulrich, "Adaptive Optics', in The Infrared and Electro-Optical Systems Handbook Volume 8,
Environmental Research Institute of Michigan, Ann Arbor MI, 1993.

2. Paul H. Merritt et al., Active tracking of a ballistic missile in the boost phase, in SPIE Proceedings Vol. 2739, Acquisition,
Tracking, and Pointing, pp.19-29 (1996).

KEYWORDS: tracking, processor, high-bandwidth, wavefront sensor, real-time control, high-frame rate cameras

AF99-008 TITLE: Advanced Chemical Oxygen-lodine Laser (COIL) Mixing Nozzles
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TECHNOLOGY AREA: Electronics Warfare/Directed Energy Weapons
OBJECTIVE: Develop improved approaches for mixing and reacting iodine and singlet delta oxygen flowsin COIL devices.

DESCRIPTION: The Air Force Research Laboratory at Kirtland AFB is seeking approaches for development of advanced
chemical oxygen-iodine laser (COIL) mixing nozzle concepts. Successful approaches must demonstrate improved performance
characteristics over traditional COIL mixing nozzle concepts in one or all of the following aspects of COIL operation: mirror
power lading, gain magnitude and distribution, chemical efficiency, and pressure recovery. Traditional COIL mixing nozzles
inject molecular iodine/diluent mixtures into the subsonic region of the singlet delta oxygen flow upstream of the nozzle throat,
often leading to gain distributions that heavily load the leading edge of the mirrors (seeREFERENCE 1). Studies
(seeREFERENCE 2) suggest that one mechanism for alleviating this problem is to inject the molecular iodine/diluent mixture
into the supersonic region of the singlet delta oxygen flow, thereby producing a slower gain increase that reduces the power
loading on the mirrors. Variations on the supersonic mixing concept offer the possibility of improving the chemical efficiency
and pressure recovery of COIL's. One such concept uses parallel mixing of supersonic molecular iodine/diluent and singlet
delta oxygen/diluent flows, reducing total pressure loss over traditional transverse molecular iodine/diluent injection
mechanisms and improving pressure recovery. Another concept mixes parallel supersonic singlet delta oxygen /diluent and
F,HI(DI)/diluent flows. This concept offers the possibility of significantly improved chemical efficiency over traditional COIL
devices by using F to produce | in the reaction F + HI (DI) resultsin HF (DF) + |, thereby eliminating the need to dissociate
molecular iodine using singlet delta oxygen. Approaches incorporating some or all aspects of these various concepts are of
strong interest to the Air Force in that lighter, more efficient COIL devices may result.

PHASE I: Analyze and develop various COIL mixing nozzle concepts. Concept feasibility should be demonstrated
on the basis of mirror loading, gain distribution, chemical efficiency, and pressure recovery predicted by proven models.

PHASE Il: Select, fabricate, and test selected concepts in experiments.

PHASE 111 DUAL USE APPLICATIONS: In addition to Air Force applications, the development of lighter weight and higher
chemical efficiency COIL systems has direct pertinence to ongoing efforts to commercialize COIL's. This technology can
potentially improve COIL performance for Air Force Airborne Laser applications. Commercial applications include industrial
strength welding and cutting. Of particular relevance is the use of less expensive diluents, such as nitrogen, which decrease the
cost of COIL operation.

REFERENCES:

1. Madden, T. J. and Solomon W. C., "A Detailed Comparison of a Computational Fluid Dynamic Simulation and a Laboratory
Experiment for a COIL Laser,” AIAA 96-2354, 28th AIAA Plasmadynamics and Lasers Conference, June 23-25, 1997, Atlanta,
GA.

2. Zagidulin, M. V., Nikolaev, V. D., Svistun, M. I., Khvatov, N. A., and Ufimtsev, N. I., "Highly efficient supersonic
chemical oxygen-iodine laser with a chlorine flow rate of 10 mmol s-1," Quantum Electronics, 27, (3), pp. 195-199, (1997).

KEYWORDS: COIL mixing, COIL nozzle, iodine mixing, secondary mixing, supersonic mixing, supersonic nozzle

AF99-009 TITLE: Lidar for Remote Sensing of Optical Turbulence
TECHNOLOGY AREA: Sensors
OBJECTIVE: Develop alidar-based sensor to measure optical turbulence strength remotely.

DESCRIPTION: Systems that propagate lasers through the atmosphere, such as the Airborne Laser (ABL), are affected by the
optical turbulence strength along the path. Currently, there are several optical techniques for measuring vertical profiles of the
refractive index structure parameter (Eaton et al., 1988). There are aso in situ techniques for obtaining refractive index
structure parameter point measurements from probes mounted on aircraft, providing horizontal and dant path information.
What is needed is a technique that can remotely obtain point measurements along a propagation path, such as what could be
obtained with alidar (see for example Chan and Killinger, 1992). A lidar operating from the aircraft platform could potentially
obtain a three-dimensional map of refractive index structure parameter in the area of interest where the system must operate.
Ancther advantage of a lidar technique is that it could also sense other parameters of interest including cirrus clouds.
Innovative approaches to lidar for measuring refractive index structure parameter will be entertained that show promise for
both surface and aircraft operation. The approach must exhibit the potential to operate in a "vibration" environment such as
with an aircraft platform. Since many of the adaptive optics techniques that were developed by DoD have recently been
declassified, many large astronomical observatories are actively pursuing the implementation of adaptive optics for mitigating
turbulent effects of long exposure imagery obtained with the large astronomical telescopes. Once these adaptive optics systems
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are operational, it is highly probable that a lidar that senses refractive index structure parameter and other parameters, such as
nighttime cloud conditions, would become a requirement.

PHASE I: Produce a conceptual design for the lidar. Also produce detailed analysis of the predicted performance
(range, resolution, dynamic range). A laboratory proof of concept would be a plus, but is not required.

PHASE Il: Develop a breadboard lidar system capable of being fielded at the Airborne Laser Advanced Concepts
Testbed (ABL ACT) at White Sands Missile Range. This system would be used to obtain refractive index structure parameter
profiles over a 51-km horizontal path.

PHASE Il DUAL USE APPLICATIONS: Since many astronomical sites are initiating adaptive optics programs, it is likely
that a small commercial lidar system, that would provide profile information of refractive index structure parameter and sense
thin clouds at night when clouds aren't visible, would also be attractive. A commercial lidar that is maintainable, dependable,
and "user friendly" is essential for such operations. A lidar system to remotely measure optical turbulence would be extremely
useful to many customers within DaoD, including the Airborne Laser, Ground-based Laser, and Space-Object imaging efforts
within the Air Force Space Command. Upon a successful Phase Il test, it is very likely that a Phase 111 program would devel op
that would include integrating a flight-worthy system on board assets such as ARGUS to demonstrate lidar as a Tactical
Decision Aid for the Airborne Laser.

REFERENCES:
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sub O]", Theor. and Applied Climatol., 39, 17-29 (1988).

2. Kin Pui Chan and Dennis K. Killinger, "Coherent 1 micron lidar measurements of atmospheric-turbulence-induced spatial
decorréation using a multi-element heterodyne detector array”, Applied Optics, 31, 105, (1992).
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AF99-010 TITLE: Acoustic Suppression for Precision Equipment in High-Performance Aircraft Interiors
TECHNOLOGY AREA: Electronics Warfare/Directed Energy Weapons

OBJECTIVE: Develop a hardware system to compensate for the detrimental effects of multiple acoustic inputs originating both
externa and internal to the enclosed volume of an aircraft.

DESCRIPTION: Active noise control has advanced significantly in recent years, but most applications to date have addressed
physical systems with relatively limited spatial or temporal complexity. For example, noise is reduced at a single headset
location or only for small numbers of sources contributing narrowband or perhaps multi-tonal input. The F-16 aircraft and any
use of High Energy Lasers (HEL) represent a highly complex acoustic environment that includes multiple noise sources outside
and inside the aircraft and a large number of noise and vibration sensitive precision optical components. High sound pressure
levels are potentially present over a broad frequency range, and performance requirements for jitter and alignment on F-16
aircraft are extremely demanding and are distributed over multiple components. Passive means of acoustic compensation are
physically limited at low frequency and are not well suited to adapt to changes in the disturbance environment and performance
demands during a typical mission. The project will employ advanced noise control techniques that can aso be projected to
practical automated implementation in an airborne environment with reasonable constraints on weight. The approach could
include localized or distributed cancellation, equipment or machinery enclosures, feed-forward and feedback control, active-
passive hybrid systems, and coupled vibro-acoustic considerations. The proposer should consider the differences between this
development and development for noise suppression in commuter passenger aircraft and should understand the realistic limits
of global broadband active noise control.

PHASE I: Demonstrate by analysis, and possibly through supporting test data, a cohesive approach to acoustic
compensation for the interior of fighter aircraft with external and internal acoustic sources. Identify a critical high-payoff
subsystem technology for further devel opment.

PHASE II: Fabricate an acoustic compensation subsystem and demonstrate its ability to improve substantially the
performance of a representative laboratory precision optical system under realistic acoustic amplitude input levels, frequency
content, and time-variability. Demonstrate by high fidelity smulation the expected performance improvement for the aircraft
environment and provide components for possible flight tests to be conducted by the Air Force.

PHASE |1l DUAL USE APPLICATIONS: Potential commercia applications include commercial aircraft and other vehicles,
active enclosures for precison manufacturing and optical inspection equipment, and suppression of sound in high-density
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multi-purpose workspaces. Potential military applications include the HEL laser systems on fighter aircraft, other vehicles
incorporating precision sensors and instruments, and compensation for reduced personnd fatigue.

REFERENCES:

1. B. Widrow and S. Stearns, "Adaptive Signal Processing," (Prentice-Hall, NY) 1985.

2. P. A. Nelson and S. J. Elliott, "Active Control of Sound," (Academic Press, NY) 1992.

3. S. M. Kuoand D. R. Morgan, "Active Noise Control Systems," (John Wiley & Sons, NY) 1996.

KEYWORDS: aircraft acoustics, high energy lasers, active noise control, high g-factor effects, interior optical disturbances,
vibration contral in moving aircraft

AF99-011 TITLE: Low-Noise, High-Bandwidth Cameras for Wavefront/Tracking Sensors
TECHNOLOGY AREA: Sensors

OBJECTIVE: Develop a low-noise SWIR camera for active tracking and wavefront sensing that operates at frame rates in
excess of 5 kHz.

DESCRIPTION: Advanced beam control systems like Airborne Laser require high-bandwidth, low-noise cameras for tracking
and wavefront sensing. The high bandwidth is required to collect information to feed high bandwidth control 1oops necessary
to compensate for atmospheric effects such as optical turbulence. The noise levels affect the stability of these control loops and
ultimately the range of the system. Lower noise performance alows for potential weight reduction on the aircraft due to a
reduction in laser power necessary to achieve the designed range. Alternatively, lower camera noise can increase the system
performance. The camera needs to operate in the Short Wavelength Infrared (SWIR) region, especially at laser wavelength in
the range from 1.4 to 1.06 microns. The current state of the art for near infrared cameras in this wavelength range is video
frame rates (60 Hz) with quantum efficiencies less than 10 percent and noise levels of 100 noise dectrons per pixels. The
goals for this program are frame rates in excess of 5 kHz, quantum efficiencies of better than 50 percent, and noise levels of
less than 50 noise electrons per pixe.

PHASE I:Develop a conceptual design for a camera system to include focal plane array design, readout architecture
and design, and camera interface control design.

PHASE 1I: Develop a complete focal plane array with high frame rate readout. The capability of this camera to
callect high frame rate tracking data or wavefront data will be demonstrated at either the Airborne Laser Advanced Concepts
Testbed at White Sands Missile Range or the Advanced Tracking Lab at Kirtland AFB.

PHASE 111 DUAL USE APPLICATIONS: A successful Phase Il completion would lead to integration of the camera into
experimental USAF programs, such as the Airborne Laser Advanced Concepts Testbed, that could be used to demonstrate and
trangition the technology to the Airborne Laser, the Space-Based Laser, or the Ground- Based Laser Technology Program. On
the commercial side, this high frame rate camera would be useful for high-speed photographic applications in the SWIR,
including process monitoring, quality control, and automated manufacturing, with potential application in the visible spectrum,
especially the high-frame rate readout electronics.

REFERENCES:

1. Paul H. Merritt et al., Active tracking of a ballistic missile in the boost phase, in SPIE Proceedings Vol. 2739, Acquisition,
Tracking, and Pointing, pp.19-29 (1996).

2. Marcus Schulthess and Steven Baugh, Attitude control a tragjectory estimation for the high altitude balloon experiment, in
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AF99-012 TITLE: Advanced High Power/High-Energy Laser Technology Emphasizing Light-Weight, Small
Volume, High Efficiency

TECHNOLOGY AREA: Electronics Warfare/Directed Energy Weapons

OBJECTIVE: Develop advanced high power/energy laser technology using eectrical discharges (and hybrid e ectro-chemical
approaches) with particular enphasis on small weights and volumes.
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DESCRIPTION: With the advent of the More Electric Aircraft (MEA), significant electrical power exists on the F-16 for
potential use as directed energy weapons like lasers.  Since the 1970's, the consensus has been that chemical lasers were the
only practical method to acquire high powers at reasonable weights and volumes. On the other hand, dectric lasers required
large APU's (Auxiliary Power Units) powered by chemicals stored on the aircraft. This requirement produced larger weights
for the laser systems, with the APU sometimes making up to 40% of the total weight of the high power laser system.
Consequently, until this time, most of the emphasis for high power lasers suitable for military aircraft has been on chemical
lasers. With the demonstration of the MEA, this weight issue for electrical lasersis greatly reduced. Concepts using plasmas
to sustain lasing may now become much more practical for their use as high power lasers on fighter aircraft. In addition, the
use of such plasmas to promote chemical reactions is also important. Previous electrical discharge techniques employing high
energy electron beams are not suitable due to the large weights. Possible use of aircraft jet engines to provide the flowing
active gaseous laser mediums should be given special attention in order to minimize weights and volumes. Besides gas phase
eectric lasers, intermediate and lower power approaches involving solid state lasers, fibers, and semiconductors (PILOT) are
also important. High peak powers with variable pulsewidths and PRF are attractive for these lower power systems. Efficiency
is most important and integration / compatibility with the aircraft is critical. Laser system approaches accounting for possible
high g-forces (maybe up to 9) should be followed. Although high powers normally involving gaseous mediums are desired,
intermediate levels using solid state lasers, fibers, and semiconductors are also important.

PHASE I|:Demonstrate, by analysis and possibly through supporting test data, approaches to produce high,
intermediate, and low power eectrical lasers (and hybrid e ectro-chemical) having small volumes/weights compatible with F-
16 aircraft and other air platforms. Identify critical high-payoff aspects of the laser subsystem technology for further
devel opment.

PHASE Il:Fabricate and test new approaches to high, intermediate, and low power laser technology demonstrating
small volumes and achievable light weights. Integration of the entire laser system into small volumes compatible with the
aircraft is critical. Design concepts accounting for the vibrations and acoustics of the aircraft should also be followed in order
to assure good laser beam quality occurs with negligible pointing jitter.

PHASE |1l DUAL USE APPLICATIONS: Potential commercia applications include commercial aircraft and other vehicles,
like ground-based vehicles such as robots for illumination/burning/damaging of hazardous waste (chemicals or radioactive
contamination). Potential military applications include the HEL laser systems on fighter aircraft for various applications.

REFERENCES:
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AF99-013 TITLE: Portable UHF or VHF Radar for Measuring Wind and the Refractive Index Structure
TECHNOLOGY AREA: Sensors
OBJECTIVE: Develop a portable UHF or VHF radar for measuring wind and the refractive index structure parameter.

DESCRIPTION: Thereis arequirement for a portable UHF or VHF radar that senses wind and the refractive index structure
parameter from the lower troposphere to an altitude of 20 km. A range resolution of 150 m is required and the one-way beam
width must not exceed 3 degrees. A profile of wind must be sensed at no longer than at three-minute intervals. The power
aperture product must be a minimum of 1x100 million Watts per square meter. These radar characteristics are state of the art
for permanent installations (see for example Nastrom and Eaton, 1995). Only one VHF radar, a SOUSY radar developed at the
Max Planck Institute, was designed with considerations of possibly moving the system, but this has been accomplished only a
few times and requires considerable time and manpower (the system is described by Czechowsky et al., 1984). Prdfilers
designed to measure the boundary layer and lower troposphere, typically at 915 MHz, have been successfully engineered for
portability. The new UHF or VHF system should be capable of being disassembled within a week, moved to a new site, and
reassembled within a week (provided the site has been prepared).

AF-19



PHASE |: Produce a conceptual design for the portable UHF and VHF radar system. Also, develop a detailed
analysis of the predicted performance of each component of the system. Address all eectronics, mechanical, and software
issues.

PHASE I1:Develop and field test a breadboard portable UHF or VHF radar. The performance of this system will be
evaluated by comparison with measurements with a TBD system selected by the U.S. Air Force Research Laboratory. Ease of
set-up and tear-down of the portable system will be monitored.

PHASE 111 DUAL USE APPLICATIONS: UHF or VHF radar systems are generally installed once or are moved to a new
program with great difficulty and expense. Usually some parts of the system must be replaced since they were permanently
installed. Besides the Airborne Laser and ground-based laser programs, other research programs in DoD would benefit with a
portable radar system of thistype. Several other government agencies would use such a system on research programs and could
increase productivity and scope of several studies. On the commercial side, a radar of this type would be useful for air
pollution evaluations over moderate times for site characterization studies. 1t also would be useful to assess wind shear and
weather at small airports to determineif alarge radar permanent installation is justified as part of a general weather monitoring
station due to unique local effects.

REFERENCES:

1. Czechowsky, P., G. Schmidt, R. Ruster, 1984: The Mobile SOUSY Doppler Radar: Technical Design and First Results,
Radio Science, 19, 441-450.
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AF99-015 TITLE: Portable Differential Image Motion Monitor (DIMM) for Measuring Optical Turbulence
TECHNOLOGY AREA: Sensors
OBJECTIVE: Develop a Portable DIMM for measuring various optical turbulence parameters.

DESCRIPTION: There is a need for a portable Differential Image Motion Monitor (DIMM) for measuring the transverse
coherence length, the isoplanatic angle, and the phase structure function on many research programs, as well as operationally
such as at astronomical observatories for turbulent characterization during measurement campaigns. The system should be
capable of sensing both stellar sources and of operating over horizontal paths (using laser sources) with up to four pairs of
subaperatures with different separation distances. The Atmospheric Turbulence Measurement and Observation System
(ATMOQS), a system for measuring atmospheric turbulence (Eaton et al., 1988), was developed in the 1980's using custom-
designed e ectronics because nothing was available commercially at that time that would meet the requirements. State-of-the-
art sensors and eectronics (COTS, when available) must be incorporated into the new system with a wide range of sampling
capability (exposure times, frame rates, gains, etc.). Displays and software must be "user friendly" and be easily maintained.
A calibration method for the system is required. The telescope used should be of moderate size (14 to 20 inches in diameter)
and the tracking should be capable of operating unattended for several hours.

PHASE |: Produce a conceptual design and prototype for the DIMM. Also, produce and demonstrate a detailed
analysis of the predicted performance (range of parameters sensed, accuracies, electronics and camera specifications, etc.).
Perform preliminary field tests.

PHASE Il:Finalize the design and fabricate a DIMM using that design. Produce complete documentation.
Extensively field test and evaluate the system under various conditions.

PHASE 11l DUAL USE APPLICATIONS: Although several DoD programs such as the ABL and ground-based laser programs
would greatly benefit with a DIMM using state-of-the-art eectronics and sensors, the astronomical community has also shown
great interest in such a system. Several measurement campaigns have been conducted at various astronomical sites using
unique DoD equipment (Eaton, et al., 1996), and inquiries as to availability, possible costs, etc. of such a system often arise.
The ATMOS has been operated at several facilities including Kitt Peak National Observatory, Fred Whipple Observatory, and
Apache Point Observatory. A commercially available system would be beneficial, particularly since many major astronomical
observatories are now initiating adaptive optics programs.

REFERENCES:

1. Eaton, F. D.,, W. P. Peterson, J. R. Hines, J. J. Drexler, A. H. Waldie, and D. B. Soules, 1988: Comparison of two
techniques for determining atmospheric seeing, Proc. SPIE, Vol. 926, Orlando, Fl., pp 319-334.
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2. Eaton, F. D., J. R. Hines, J. J. Drexler, and J. Northrup, 1996: Optical turbulence at Kitt Peak National Observatory, Fred
Whipple Observatory, Apache Point Observatory, Horace Mesa, and the Atmospheric Profiler Research Facility, Army
Research Laboratory, ARL-TR-1013, 117
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transverse coherence length

AF99-016 TITLE: Smal Inertial Attitude Reference System for Small High-Performance Aircraft
Applications

TECHNOLOGY AREA: Electronics Warfare/Directed Energy Weapons
OBJECTIVE: Develop asmall inertia attitude reference system that will contain a stable mirror to reference optical systems.

DESCRIPTION: This project will design and produce a small and inexpensive inertial attitude system that can be used in an F-
16 fighter aircraft as a two-axis optical inertial reference. This type of an instrument may be very useful to a program such as
the MEA F-16 aircraft that requires an inertial reference for optical pointing. The system is desired to be small enough that it
could be mounted on the secondary mirror of a beam expanding telescope; the goal is to keep the instrument package within a
cube 3incheson aside. Theintent of this effort isto conceptualize, design, and produce a prototype unit that is an inexpensive
and small inertial attitude reference. An optical surface, such as a small mirror, will be included in the system to provide an
inertially stable optical reference. It would be possible to add accelerometers to this unit and obtain a navigation system.
However, only the attitude reference will be designed and built under this contract, navigation software will be added by the
contractor as he deems necessary. The system will be able to operate and measure angular inputs while the telescope is
dewing at 1 rad/sec and 2 rad/sec/sec acceleration. |t must be able to survive higher rates and accelerations but may saturate.
The angular error in the optical reference of this system shall be less than 3 microradians when subjected to the vibration
spectrum of a F-16 at 2000-40,000 ft atitude and 0.2 to 2.0 mach number, and less than 1.5 microradians under quiet
laboratory operation. Design reviews will cover the components, the system design, and control design concepts for the entire
system.

PHASE I: Design the attitude reference system and demonstrate that such a miniature system is within the state of
the art. Establish the feasibility of producing the small package and show how this package can be used with a telescope to
significantly improve the pointing accuracy.

PHASE 1I: Develop and demonstrate the components for the two-axis attitude reference syssem. The instrument
shall be demonstrated as a complete system. |t is expected that this phase will demonstrate the system operation and include
detailed characterization of the control loop performance. If desired, the Air Force will work with the contractor to obtain use
of theinertial test equipment at Holloman AFB.

PHASE 111 DUAL USE APPLICATIONS: It is expected that an ultra small system as conceptualized here would have several
commercial and military customers. The military applications will be on all sorts of pointing telescopes for directed laser
energy weapons, imaging, and optical communication systems. The commercial use of the system would include navigation
systems for land vehicles and possibly aircraft. If the price can be made low enough for the automobile industry, the product
would obviously have a huge market. It is expected that the contractor will design a system with many options during Phase |,
so that an as-large-as-possible commercial market will be available.

REFERENCES: H. Wrighley and T. Denhard, Gyroscope Theory, Design, and Instrumentation, (MIT Press, Cambridge, MA),
1969.

KEYWORDS: gyroscopes, reference frames, optical pointing, inertial guidance, high g-factor effects, aircraft guidance system

AF99-017 TITLE: Active Remote Sensing Technologies for Chemical Effluent Detection
TECHNOLOGY AREA: Chemical and Biological Defense

OBJECTIVE: Develop component technologies that facilitate meeting performance requirements for active (laser-based)
chemical effluent detection.

DESCRIPTION: The growing reality of the threat of chemical attack in both military and civil environments, and the ready
availability of chemicals to process deadly toxins and narcotics, indicate a need for suitable chemical detection devices.
Remote sensing technologies suitable for counter-drug, counter-terrorism or counter-proliferation applications could provide
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early warning of a threat in the processing stages of chemicals, or could provide evidence of a suspected release. Chemical
effluents may include fuel emissions, industrial by-products of chemical or biological production, as well as toxic chemical
agents. Technologies that facilitate longer range detection and quantification of chemical species using active remote sensing
devices will be considered for development. Of particular interest are components or systems that improve detection and
identification performance of an unknown chemical target, or that improve the operational effectiveness of devices, including
compactness, ruggedization and reduced power requirements.

Chemical spectral signatures extend across the entire infrared spectrum, but for detection purposes, the atmospheric
transmission windows between 3-5 microns and 8-12 microns provide the greatest potential for detection. Required
technologies include:

1. Receivers in this region are susceptible to significant detector noise, and enhancements to recelver detection
sensitivity, including noise suppression and signal enhancement, are desirable.

2. Of interest is pulsed laser source technology that shows promise of reaching average powers on the order of >10W
in MWIR and 100W in LWIR over dl linesin a1 to 2 micron band, with relatively narrow line width (<0.5 cm-1) and high
pulse repetition frequencies (100Hz-10kHz). Also of interest are tuning mechanisms that facilitate tuning over a sequence of
>20 lines across the operating band.

3. Automated control of 12 hit, streaming data acquisition at up to GHz bandwidths, real-time signal processing and
chemometric analysis algorithms, automated pattern recognition and user-friendly, portable workstations.

PHASE I: Define the system concept and demonstrate key component technological milestones and preliminary
design of system or component deliverable. The system approach is meant to ensure that the components developed have
utility in meeting the requirements defined above, and can be suitably field tested with existing GFE hardware if necessary.

PHASE I1:Complete component design, fabrication and laboratory tests. Define fidd test objectives and
recommended test plan, including required GFE.

PHASE 1l DUAL USE APPLICATIONS: These lidar systems could be used in both the military and private sectors for
counter-drug, counter-terrorism purposes with little or no modification.
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5. Grant, W. B., et a., "Calibrated remote measurement of NO2 using the differential absorption backscatter technique,” Appl.
Phys. Lett., 24, 550-552, 1974.

KEYWORDS: lidar, gas lasers, chemical sensing, solid state lasers, infrared detection, stand-off detection, chemometric
analysis, chemical cloud detection, differential absorption lidar (DIAL)

AF99-018 TITLE: High Efficiency Electric Laser
TECHNOLOGY AREA: Electronics Warfare/Directed Energy Weapons

OBJECTIVE: Develop Highly Efficient, Compact, Light Weight, Electrically Driven Lasers for Adjunct Spaced Based Laser
(SBL) missions.

DESCRIPTION: The Air Force is currently developing chemical laser systems for use in space. With their energy stored
chemically, they are well suited to long-run-time high power applications. The Air Force SBL program has a requirement for
lower power lasers that are electrically driven and can be used periodically over an extended time frame. The lasers must be
highly efficient at the conversion of dectrical power into a diffraction-limited laser beam. These lasers must be compact and
light weight. This solicitation is for the development of lasers, laser subsystems, or enabling technologies that improve space
based dectric lasers. Such technologies include: high-efficiency semiconductor lasers; diode pumped solid state lasers; diode
pumped fiber lasers; efficient optical system for coupling semiconductor laser emission into fibers and gain media; novel
electrical storage; and innovative thermal management.

PHASE I: Design and modd the laser, laser system, or enabling technology, and perform adequate proof-of-principle
demonstrations to give confidence for the success of a Phase Il program.
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PHASE I11:Based on initial designs developed in Phase |, develop or fabricate demonstration hardware, conduct in-
depth testing, and refine prototype hardware or design.

PHASE 11l DUAL USE APPLICATIONS: Air Force applications for this technology may have important commercial parallels,
such as communications, medical, and materials processing lasers. Military applications include space-based optical
information exchange, designation, and illumination. The objective of Phase Il is to make the technology developed in the first
two phases commercially available for both private-sector and military applications.

REFERENCES:

1. "35-Watt CW Single mode Y tterbium Fiber Laser at 1.1 microns', Muendel M., Engstrom B., KeaD., €t. al., Conference on
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AF99-019 TITLE: Lightweight Ultra-Wideband Antennas
TECHNOLOGY AREA: Electronics Warfare/Directed Energy Weapons

OBJECTIVE: Develop new concepts and enhanced capabilities in lightweight wideband microwave antennas for transmitting
and receiving.

DESCRIPTION: Lightweight wideband antennas are of interest for a variety of potential applications that range from radar
systems on lightweight aircraft, to countermine and unexploded ordnance location, to communications. This technology is of
current interest to the Air Force Research Laboratory, Directed Energy Directorate at Kirtland AFB, NM, where research
efforts have been underway for a number of years. Wide bandwidth, which can handle a large number of frequencies in the
range from 30 MHz to 10 GHz, is of interest for both continuous wave and transient signal transmission. Transient parameters
of interest include risetimes in the range of 10-300 pS and pul se widths from a few hundred picosecondsto 5 nS.

PHASE I: Develop and demonstrate innovative applications utilizing ultrawideband microwave technology.
Investigate basic feasibility of the proposed applications to determine the specific approaches, identify critical development
requirements and potential risks, and provide a basis for determining the potential success of a Phase Il effort.

PHASE I1:Develop and fabricate a prototype system, conduct laboratory and other tests which will demonstrate a
capability with clear commercial potential. Develop commercial partnership interests for a Phase 111 production and marketing

program.

PHASE 11l DUAL USE APPLICATIONS: The civilian sector has similar requirements for locating buried objects such as pipes
or underground cables, and for performing inspections on concrete structures such as bridges or building foundations. Potential
uses also include wideband or transient radar on aircraft, and wideband, multi-channel communications for ships, aircraft, and
satellites.

REFERENCES:
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Simulation Note 413, Air Force Research Laboratory/DE, Kirtland AFB NM, November 1997.

KEYWORDS: antennas, ultra-wideband, transient radar, high power microwave, eectronic fields and waves, multi-channe
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AF99-020 TITLE: Modulated Corner Cube Concept for Laser Communications

TECHNOLOGY AREA: Sensors

OBJECTIVE: Demonstrate a minimum-impact concept for modulation of the light reflected by a corner cube, achieving a
modulation ratein excess of 1 Mhz.
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DESCRIPTION: Laser communication approaches can meet secure, high-bandwidth communications requirements, but
standard laser communication concepts--in which each end of the communications link has a laser source, optical telescope, and
acquisition, pointing, and tracking system--are not always appropriate for every potential application. Thisis particularly true
if one end of the communications link is significantly constrained in weight, power consumption, reliability, or cost. However,
if an application with these constraints also has low to moderate modulation requirements, an alternate laser communications
concept becomes attractive. One example, cited in the following description, is laser communications to and from a very small
satellite and the ground; other applications can also be envisioned.

The aternate concept for the small satellite laser communications application is as follows: First, alaser site on the
ground illuminates the satellite with a laser having a CW beam. Onboard the satellite is a corner cube, which reflects the
incident laser light back to the transmitter on the ground. Associated with the corner cube is a modulation mechanism that
reacts rapidly to change the intensity or the polarization of the reflected light (for example, this might be liquid crystal light
modulator). By appropriately contralling the modulator, the laser light reflected back to the ground station from the corner
cube is modulated with the comm. signal. This approach offers the potential advantage of significantly reducing the size and
complexity of hardware required onboard the satellite for laser communications while maintaining the secure communications
advantages of laser communicationsin general.

The feasibility of the modulated corner cube concept for laser communications has been investigated theoretically,
and ground- and ball oon-based field experiments have been conducted. Ground field experiments were conducted in December
1994, and a high-altitude balloon experiment was conducted in September 1996, using off-the-shelf hardware for a proof-of-
principle demonstration. The experiments used 1" corner cubes coupled with aliquid-crystal screen as the modulating el ement.
The tests were 100% successful, with the received signal strength exceeding that predicted before the tests. However, because
of the limitations of the liquid crystal screen, the modulation rate was limited to 50 kbps.

The major technology issuein establishing the modulated corner cube concept for many military laser communication
applications is the development of the modulation approach to meet the operational requirements for higher modulation rates.
To substantially increase the modulation rate beyond that possible with off-the-shelf liquid crystal screens, alternate means of
modulation must be investigated and devel oped.

PHASE I: Conceive and evaluate a range of alternate concepts based on the potential ability to meet operational
modul ation requirements, technical feasibility, and expected impact on the platform in an operational implementation.

PHASE I1: After the Phase | concept evaluation, further develop the most promising concepts (one or two), with the
goal of producing proof-of-principle hardware for experimental evaluation and demonstration of performance in the laboratory.

PHASE 1Il DUAL USE APPLICATIONS: The modulated corner cube concept for laser communications is particularly
attractive in applications where one end of the communications link is significantly constrained in weight, power consumption,
reliability, or cost. By using this concept, low-impact, secure communications links could be established between: 1) ground
and very small satdllites, 2) manned aircraft and UAVs, 3) satellites and UAVs, 4) satellites or aircraft and unattended ground
sensors, and 5) aircraft and ground personne (special ops, search and rescue operations).

Commercial analogs of these military missions can also be considered. For example, several commercial communication
satellite constellations are being launched or are planned for future launches (Iridium, Teledesic, Celedtri, etc.). Satellite-to-
satellite communication links for these constellations typically use laser communications, but the satellite-to-ground links are
always based on RF communication. [f high modulation rates can be demonstrated with the modulated corner cube concept,
then the larger RF communications package on the satellite could be replaced with a modulated corner cube system, with
substantially lessimpact on the satellite platform.

REFERENCES: C. M. Swenson, C. A. Steed, I. A. De La Rue, and R. Q. Fugate, "Low Power, FLC- Based Retromodul ator
Communications System," Proceedings SPIE Vol 2990, 1997, pp 296-310.

KEYWORDS: corner cube, optical modulation, laser communications, secure communications, liquid crystal screen, high
bandwidth communications

AF99-021 TITLE: Space Capable, Optically Transparent Thin Films

TECHNOLOGY AREA: Sensors

OBJECTIVE: Develop a space capable thin film with properties that minimize the induction of optical aberrations upon
transmission through the film.

DESCRIPTION: AFRL has demonstrated that thin film polymeric membrane